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ABSTRACT
Phosphorus and nitrogen are associated with various
metabolic reactions in the plant and they appear to be inter¬
related in a number of ways.
A study was made on the effect of different levels of
Ca(N0^)2> (NH/j^SO^, urea and some associated cations and anions
on the uptake of phosphorus by excised roots of 6 day old
alfalfa seedlings and millet seedings.
It was found that at the phosphorus level of 0.003 M
there was a highly significant increase in phosphorus uptake by
alfalfa roots or millet roots from treatment solution with
0.009 M N as Ca(N03)2 and significant Increase in phosphorus
uptake by both of these roots either with 0.003 M N Ca(N0^)2 or
0.003 M N urea•

At the same level of phosphorus and 0.009 M N ammonium
sulfate there was a highly significant depressing effect on
phosphorus uptake by millet roots, but no significant effect of
the same treatment on phosphorus uptake by alfalfa roots was
found.
When either the phosphorus level was reduced to 0.0003 M
or the nitrogen compound level was reduced to 0.001 M the
enhancing or depressing effects of the nitrogen compounds
discussed above were lost.

ix
A study of the effect of different cations and anions
on the phosphorus uptake by these excised roots showed the
following order of cations and anions as a general trend:cation:

Na*',

K*,

NH4+ ^.Ca++

anions:

S04*<N0^“<. Cl"

S04- was found to have a relatively greater depressing
effect on phosphorus uptake by millet roots than that of alfalfa
roots •
The control in these experiments contained high phosphorus
concentration as CaC^PO^^ at 0*003 M or higher along with C8.SO4
in the same ratio as their solubility in water.

The control

solution in these experiments thus simulated solution conditions
near a superphosphate fertilizer band.

The enhancing effect of

Ca(N0^)2 and urea on phosphorus uptake by roots suggested that
when there is consideration of incorporation of same nitrogen
fertilizer in the superphosphate band, the use of CaCNO^g or
urea may be preferred over (NH^^SO^ as far as phosphorus
nutrition of alfalfa and millet plants are concerned.
Influence of pH, temperature and external phosphate
concentrations on the effects of these nitrogen compounds on the
phosphorus uptake by these excised roots were studied.

The

general trend is same for both alfalfa and millet and is listed
below.
(a) As a general trend an increase in pH from 4 to 6
increased phosphate uptake.
(b) There was a linear rise of phosphate uptake in all
treatments with the increase of temperature.

The higher the

temperature was, the higher was the difference in phosphate

X

uptake between the nitrogen sources in general.

Extrapolation

to 0°C showed that at this temperature the differences in
phosphorus uptake between the treatments were reduced to a
minimum*
(c) With increase in external phosphorus concentration
the difference in phosphorus uptake between different treatments
became more pronounced.
It is proposed from temperature coefficient and kinetic
studies that passive mechanism of phosphorus uptake may be
predominating under our experimental conditions and relatively
more so in case of millet than alfalfa.
Different reasons for the apparent effect of calcium
nitrate, ammonium sulfate and urea are discussed.

A probable

route of biosynthesis of uridine dlphospho glucose from urea
In the roots has been proposed.

INTRODUCTION
(a)

Importance of Phosphorus In Plant Nutrition*
Rooted green plants, when growing In soils, absorb all

mineral elements which are present in an available form*

A

majority of known elements have been found in plant tissues*
At present plant physiologists are of the opinion,
after a very careful nutrient solution research, that probably
16 chemical elements are essential for plant growth*

These are

carbon, hydrogen, oxygen, nitrogen, phosphorus, sulfur, calcium,
potassium, magnesium, iron, boron, zinc, copper, manganese,
molybdenum, and chlorine*

Of these the first three elements are

supplied by air and water and the plant takes the rest from the
soil*

Nutrient content of common fertilizers are expressed as

the ratio of nitrogen, phosphorus pentoxide and potassium oxide,
each expressed as percentage of the total fertilizer.

Thus the

importance of supplying growing plants with three elements is
widely recognized, also the failure of many soils to supply the
required nitrogen, phosphorus and potassium is inferred*
Phosphorus performs certain functions in the structure
of the plant, and in its metabolism, which is unique to this
element and can not be performed by any other element*

Arsenic

comes closest to phosphorus in the periodic table, but it is
toxic to plants and can not be used as a substitute for phosphorus
within the plant.
Phosphorus is believed to be absorbed by plants mainly

2.
In the form of primary orthophosphate ion (H2PO4).

Upon

entering the plant, phosphorus combines with organic molecules
in highly oxidized form.

For example, the combination of the

phosphate group with lipid materials gives rise to various
phospholipids and the combination of the phosphate group with
nucleic acids produces well known compounds acting as phosphate
carriers with high energy phosphate bonds (ATP) or acting as
coenzymes (DPN) in the citric acid cycle, etc.

Phosphorus is

also a constituent of nucleoprotein which forms an important
part of the nuclei of plant cells.

Thus phosphorus plays a

vital role in the life-sustaining metabolic processes of plant
cells (1, 2, 58)*

The concentration of phosphorus in the plant,

generally, is considerably lower than that of nitrogen, potassium
or calcium.

However, as a limiting element phosphorus is more

important than calcium, and most probably is second in importance
only to nitrogen.

(b)

Interrelation of Phosphorus and Nitrogen in Plant
Metabolism and Nutrition
Both phosphorus and nitrogen are associated with various

metabolic reactions in the plant and they appear to be inter¬
related in a number of ways.

Early maturation of plants with

high available phosphorus and late maturation due to phosphorus
deficiency may be cited as examples of possible alteration of
nitrogen metabolism due to different level of phosphorus.
Synthesis of protein apparently does not occur at usual rates
in phosphorus deficient plants (9* 44).

There is often an

accumulation of sugars with this decrease in protein synthesis
in plants.

Relatively high concentration of sugars in the leaf

3.
tissues often favors anthocyanin synthesis, which shows up as
the purple coloration of leaves associated with phosphorus
deficiency.

On the other hand, there is ample evidence that

phosphates are more rapidly absorbed and accumulated in plants
in the presence of some nitrogenous material (17).

Evidences

also show that some forms of nitrogenous materials stimulate
phosphorus uptake by growing plants, more than other forms of
nitrogenous material (17)*
In view of the importance of phosphorus in plant
nutrition and Interrelation of phosphorus and nitrogen uptake
by growing plants in presence of each other, it was considered
that a better understanding of the process or mechanism, by
t

which nitrogenous material influences phsophorus uptake by
roots of growing plants, is warranted.

PRESENTATION OF PLAN OF STUDY
Like most other nutrients, soil and plant factors
affecting phosphorus uptake by plants may be divided into the
following three broad categories:
a.

Movement of phosphate ion from solid to solution
phase•

b.

Movement of phpsphate ion from solution to root
interface*

c*

Transportation of phosphate ion from outside to
inside of the root interface*

Any attempt to study the effect of nitrogenous materials
on phosphorus uptake by plants in field experiments would involve
the complicated interaction of the factors of the three cate¬
gories mentioned above*

Factors in category

a.

would Include,

for example, the phosphorus fixation capacity of soil (7)t
phosphate source, liming, and time of phosphate application (6),
etc.

Factors in category

b.

may include rate of phosphate

ion movement by physical movement of soil water and diffusion of
phosphate ions (50) •

Factors in category

c.

directly involve

plant roots and are the main objects of the present study.
It is easy to see how a study of the effect of nitrogenous
materials on phosphorus uptake could be confusing when the results
of such a study are under the influences of all these complicating
factors and it is no wonder that contradictory results from such

5.
studies are reported in literature (17).

In order to simplify

this complicated and confusing picture of phosphorus nutrition
of plants it may be argued that the factors of the first two
categories mentioned above are actually soil factors or
environmental factors, determining the concentration of different
ions in the immediate vicinity of the root surface.

The object

of this study is to eliminate these soil factors and to study
the effect of nitrogenous materials as they influence the
transportation of phosphate ions from the outside to the inside
of the root interface.

It is expected that clarification of this

phase of the picture will help to produce better understanding
of the factors in the other two categories.

Excised roots have

been selected as basic material of this study as they fulfill
the conditions laid down in our objective in the most simplified
form possible.
Though the objective of this thesis has been set as a
study of the effects nitrogenous materials have on phosphorus
uptake by excised plant roots, it is appreciated that these
effects of nitrogenous materials on phosphorus uptake should
be studied simultaneously with the effects of other Inorganic
cations and anions, which are invariably present in any ionic
solution to keep the electrical neutrality of the solution.
With these aims in view, experiments have been designed on a
statistical basis and phosphorus uptake by excised roots has
been followed with the accepted method of radiophosphorus as
tracer.

Details of the experimental procedure and the results

of these experiments are discussed in the later chapters.

LITERATURE REVIEW
(a)

Development of the Idea of the Mechanism of Salt Accumulation
by Plants*
By the middle twenties of this century, it was generally

recognized that salt absorption by plants was an ionic phenomenon
resulting-in unequal intake of anion and cation.
was necessary to preserve the electrical balance.

Ion exchange
The plant

physiologists of the day were still reluctant to accept the idea
that the protoplasm of the living cell participates actively in
the absorption process.
The first concept of the role of metabolic process on
salt absorption was enunciated by Hoagland (25) and co-workers,
and then by Steward (51)•

It was gradually realized that plants

must use "energy" to take up salt from a more dilute solution
than its ce}.l sap, and the terms such as "active transport",
"active secretion", dynamic transfer" came into use.
Cytoplasmic membrane has negative charge and it is easy
to see how cations could be concentrated within "apparent free
space" of roots (3) by absorption and by Donan equilibrium
effects.

This concept suggests that cations may reach the

binding sites of the cytoplasm without the intervention of
metabolic energy.

Free and thermal diffusion of anions in the

"apparent free space" of the root also are suggested by many
workers in this field.

7.
After much investigation with valonia species, Brooks (4)
was able to show that the first accumulation of radioactive ions
occurred in the cytoplasm and then they are detected in the
central sap cavity.

Hoagland and Broyer (24) experimented with

Nitella using two isotopes (Rubidium as the chloride and bromide
as its potassium salt).

They found that after one day the

Isotopes were present in the cytoplasmic residue.

After 10 days

the isotopic content in the vacuole was greater than that in
the cytoplasm.

They were able also to establish that maximum

absorption by Nitella was obtained in light with supplementary
aeration, where minimum absorption was obtained in the dark in
the absence of oxygen.

This was a direct Indication of the role

of metabolic activity in the salt absorption and accumulation
in plants.
Large single cell Valonia and Nitella species were used
for their simplicity in the first series of experiments.

With

higher plants roots act as salt pump, thus moving salts from
dilute solutions bathing the roots to inside the plant, where
the concentration of the salts are relatively higher in general.
To keep this pump moving energy must be supplied in some form,
otherwise the second law of thermodynamics will be violated.
The only form of energy available to root cells is the metabolic
energy derived from life sustaining biochemical reactions.

This

thermodynamic deduction leads us to the inescapable conclusion
that some form of biochemical reaction must be involved in this
“active transport" -- moving of ions against concentration
gradient and probably operating in the cytoplasmic membrane of
the cells.

At the present time the demonstration of transport

8
of ions from a lower to higher potential is the only certain
criterian of active transport considering the incompleteness
of the knowledge of membrane structure.
Though the role of “active transport" on ion accumulation
in plants has been generally accepted by the workers in this
field, recently an opposing concept, that ions move passively
in water from the outer surface of the root upward to the shoot,
has received considerable attention (10, 11, 26, 27, 28, 31).
In a recent article Russel and Barber (46) critically
reviewed the evidence for active transport and passive transport,
and also the significance of apparent free space in relation to
the transfer of ions across plant roots.

Following is an excerpt

from their conclusions:
" (a)
Ions can enter into the free space of the
cortical tissues of roots, though other mechanisms
whereby ions may be transferred across the cortex
can not be excluded.
(b) At some sites external to the vascular tissues
there is a barrier to the free movement of ions which,
under some circumstances, is capable of maintaining
considerably higher concentrations of ions within
the vascular stele than in the ambient medium.
(c) The transfer of ions across this barrier depends
on the expenditure of metabolic energy.
(d)
Some step in the overall process whereby ions are
transferred from the outer medium to the shoot can,
under certain circumstances, be accelerated by increasing
the rate of transpiration."
Russell and Barber (46) also infer:
"It is apparent that any discussion of the mechanism
whereby ions ere transferred across the roots of intact
plants must be highly speculative. The reason for this
lies largely in the difficulty of carrying out detailed
physiological experiments in complex tissues."
Russell and Shorrock (49) studied the relationship between
the rate at which water, rubidium and phosphate ions are absorbed

9.
by intact plants under varying conditions of transpiration and
nutrient supply.

They found that when the external concentration

and the nutrient status of the plants were sufficiently low,
transfer of nutrient to the shoot was not effected by wide
variation in the rate of transpiration.

In contrast, when the

external concentration and the nutrient status of the plants were
high, it was noted that the rate of transfer of ions to shoots
might vary closely with the rate of transpiration, and the
concentration in the transpiration stream might be similar to,
or less than, that in the external medium.

These observations

suggest that:
(a) when the salt status of the plant is low and the ion
concentration in the medium is low, active or metabolic uptake
is the dominant process and is responsible for ion accumulation
in plants;
(b) when the salt status of the plant is high and the ion
concentration in the medium is high, some form of passive trans¬
port plays an important role in the ion accumulation process#
This view is supported by the work of Hylmo (26, 27, 28) and is
discussed by Epstein (10, 1}.) and Kramer (31)*

Lundegadh (22)

also concedes that his results
"show that salts may be passively transported through
the root tissue by means of non-metabollc processes
(probably a diffusion enhanced by ion exchange along
absorption tracks). Only active transport yielding
accumulation against the concentration gradient requires
the assistance of metabolic processes."
In the light of the above discussion, it seems appropriate
to present Lundegardh's theory of metabolic uptake — anion
respiration and salt accumulation.

10.
(b)

The Concept of Anion Respiration and Ion Accumulation.
Figure 1 represents the detailed scheme of Lundegardh*s

anion respiration and salt accumulation theory.

The theory

assumes a gradient of oxidation-reduction potential across the
cytoplasm, the outside layer being at higher oxidation potential.
Cytochrome, specifically, is identified as the redox element.
The ferric ion of cytochrome is postulated to form a complex
with anions.

The transport of anions is visualized over the

barrier by a “handing on" of the anion from one cytochrome
molecule to another.

An electron, required for the reduction of

cytochrome in the inner surface, is regarded to arise from
reduced respiratory intermediates (presumably from Kreb cycle)
and as the reduced substrate is oxidized the atomic hydrogen
thus released becomes a hydrogen ion by loss of one electron.
The hydrogen ions are pictured to move along a concentration
gradient towards the outer surface of the protoplasm,

where

they can oxidize the reduced cytochrome by accepting electrons.
The hydrogen ions are thus reduced to molecular hydrogen and
they combine with oxygen to form water, which is the end product
of respiration.
Cations, on the other hand, are regarded to enter by
direct combination with negatively charged regions of the
protoplasm and are pictured as moving along "absorption tracks"
across the membrane.

Thus equal uptake of anions and cations

is thought to occur.
As shown in Figure 1 the cytochrom-cytochrome oxidase
system was conceived to be the anion carrier in wheat plants.
Similarly, ascorbic acid oxidase has been conceived to be the

11.

FIGURE I. DIAGRAMMATIC REPRESENTATION OF THE AEROBIC
RESPIRATION IN WHEAT ROOTS AND ITS LINKAGE
TO SALT ACCUMULATION — LUNDE GARDH 138)

.

12

anion carrier in young barley plants (45).

Various other carrier

mechanisms have been reviewed recently by Laties (32).

(c)

Theories on Uptake of Phosphate.
It is now recognized by Lundegardh (38, 39) that

metabolically active anions like phosphate, sulfate and nitrate,
which are part of accepted metabolic steps, may be absorbed by
mechanisms that are distinct from the one presented above.
Phosphorylation and dephosphorylation.
In his review (39) Lundegardh summarizes the mechanism
of phosphate uptake as follows:
MA specific active absorption of anions can be
expected in cases where an anion is caught by a reversible
enzyme system in which anions serve as chemical components.
It is often believed that phosphorylases are operating in
the plasma membrane. Monophosphate ions may be attacked
by hexokinase and incorporated into hexosephosphate which,
in the chain of glycolysis and subsequent metabolic
transference, may be again released as inorganic phosphate
somewhere in the interior of the cell. This mechanism
of phosphorylation at the outer-level and dephosphorylation
at the inner-level would be able to operate also in the
accumulation of glucose.
Pho spho rylation
outer - level

D epho sphorylation
inner - level
Glucose phosphate

H2P04

nt

glucose

H2P04
glucose

Similar mechanisms possibly may operate on sulfate
and nitrate, but it is still an open question to what
extent such specific mechanisms are competing with or
substituting the anion respiration.M
Product of respiration as ion carrier.
A somewhat modified theory (15) assumes a product of
respiration as carrier and is explained in the schematic diagram
of Figure la.

This theory visualizes three processes, each of

13.
which may Involve several stages.

Process (A) represents the

formation at, or near, the cell surface of a complex between the
entering Ion and a product of respiration.

This complex Is

regarded as the carrier, which releases the ion into the stele
unless the ion is diverted into process (B), representing
metabolic retention.

Process (C) results in the release into

the outer medium of the ion which had previously been utilized
in Process (B).

This theory explains the limited capacity of

the root to accomplish process (A) in consequence of prior
respiration and, due to this capacity, roots may be able to
carry on process (A) even after the respiration process has been
inhibited by some inhibitors.

Furthermore, if the process (B)

is inhibited to a greater extent than process (A), the rate of
release of ions into the vascular stele will be increased.

Thus,

this theory has the advantage of Lundegardh*s anion respiration
theory, and it also covers certain facts which are difficult to
explain with the later theory.
Binding sites and analogies with Enzyme Kinetics.
It was becoming generally accepted by the 19401s that
the first stage in ion absorption may involve some sort of
physical or chemical binding of ions with cytoplasmic constitu¬
ents.

Jacobson and Overstreet (30, 43) were in favor of a

reversible physical binding involving exchange of cations for
H4, ions.
For cation:

HB ♦ M*

5^

MR ♦ H+

For anion :

A ♦ Bf OH

^

R' A

OH

They also tried to locate the region of maximum binding sites in
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FIGURE la. ION ACCUMULATION BY REACTION WITH A PRODUCT
OF RESPIRATION
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excised barley roots and found that at about 0.75 mm from the
tip, absorption of Rb4, and H2PO4 showed a sharp maximum at 0°C.
Epstein and co-workers (12, 13), working with alkali and
alkaline earth cation absorption by barley roots, followed a
somewhat different approach.

They analyzed the kinetics of the

reactions of ion-carrier complex formation and its subsequent
breakdown leading to ion accumulation.

The analyses are based

on the well known kinetic studies of enzyme reactions developed
by Lineweaver and Burk (3*0 •

Similar treatment was adopted by

Hagen and Hopkins (18) and Hagen et al (19) in phosphate
absorption by barley roots, as shown below:
R + P (outside)

^

kl ^
—

P (inside)

RP

where R
P
RP
k

-

RP

a metabolically produced site
Phosphate ion
the active intermediate
rate constant for each reaction

They further considered that k^ was the rate constant
of the rate limiting step of absorption, which is essentially
irreversible.

At steady state,

P (inside) is produced at a

constant rate which is proportional to ^RP7 and total phosphorus
associated with the root includes both

P (inside) and /RP7*

The sorption of phosphorus by the root

V

at time

t, can be

represented as
V

=

K3 ^RP7 t ♦ /rp7

When outside phosphorus concentration is high enough to saturate
all sites ( R), the sorption

V

will reach a maximum value,
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V

max, and /RP7 will equal the total number of sites.
Vmax -

5k S7t

Thus,

* ^ B/

Following the steady state analysis of Michaelis and Menten (40),
Hagen and Hopkins presented the velocity equation for steady
state uptake as follows:
V
V =

+ Vmax
Je

where

p7

Km - apparent dissociation constants of the
intermediate ion complex RP

&tJ A plot of

V

Phosphorus concentration of solution
Vs.

V

would thus give a straight line with a

fit 17
slope

-Km and intercept Vmax.

From such a plot and analysis of

the curve by the Hofstee (29) method, Hagen and Hopkins (18)
obtained two straight lines between the phosphorus concentration
-6
-3
range of 1 x 10 M P and 1 x 10 M P, These two straight lines
were interpreted as two first order reactions and are due to two
sites of phosphate absorption corresponding to absorption of
HPOjJ

and

H2P01J.

Chromatographic examinations of the reaction

products (29) and the results of the use of enzymatic inhibitors
(19) were presented in support of this two site theory.
Epstein and Hagen (12, 18) refrained from any discussion
of the location of their supposed sites in the root systems.
Sutcliff (54) has criticized some of the conclusions drawn by
Epstein and Hagen.

(d)

Some Evidence of Interrelation of Phosphorus and Nitrogen
Metabolism in Roots.
The ability to synthesize a surprising number of complex

17.
organic compounds is the most striking feature of the metabolism
of higher green plants.

These anabolic processes require energy,

which is derived from the catabolic processes of respiration.
This transfer of energy from catabolic processes (degradation)
to anabolic processes (Synthesis), in the metabolism of higher
plants, takes place by the intermediary of reduced coenzymes and
also by the intermediary of energy-rich phosphate bonds.

The

transfer of energy by reduced Diphospho Pyridine Nuclebtlde(DPN)
or by reduced Triphospho Pyridine Nucleotide (TPN) is possible
as these coenzymes are active with a variety of apoenzymes.
However, the transfer of energy through energy-rich phosphate
bonds appears to be the principal manner in which the energy of
cellular oxidation is made available to other cellular processes
and reactions.

Adenosine triphosphate (ATP) is the chief member

of the group having such energy-rich phosphate bonds.

Each of

the two pyrophosphate bonds of ATP, for example, can transfer
about 12,000 calories/mol.
Complete oxidation of one mole of hexose to CO2 and H2O
gives rise to 680,000 cal.

Depending on the type of reaction

for formation of ATP, this energy is converted to chemical bond
energy with an efficiency of 21 to 42# thus producing 12 to 24
energy-rich phosphate bonds (2) for subsequent synthetic
processes.

Very appropriately Lipmann (35) describes these

energy-rich phosphate bonds as the

P current generated by

the metabolic dynamo of the cells and is distributed by the
wiring system of ATP and similar compounds containing energyrich phosphate bonds.
Each and every one of these coenzymes (DPN, TPN, etc.)
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and energy-rich phosphate bond compounds (ATP, ADP, etc.) contain
Phosphorus (as phosphate group) and Nitrogen (as Nucleotide
group).

Thus, it is expected that the metabolism of phosphorus

compounds and nitrogen compounds in plants should have some
interrelation.

If uptake of nitrogen compounds and phosphorus

compounds by plant root is influenced by metabolic activity, as
postulated by different theories discussed above, it is also
expected that uptake of phosphate would be influenced by some
nitrogenous compounds under certain conditions.
Nitrogen Assimilation.
Hamner (20) observed marked increase in the respiration
rate of both tomato and wheat plants when nitrate was supplied,
provided there was an initial carbohydrate reserve.

Street and

co-workers (53) studied assimilation of ammonium and nitrate
nitrogen by detached potato sprouts from culture solutions.
They found that the shoots from ammonium as compared with
nitrate treatments had a higher content of total nitrogen,
protein nitrogen, nonprotein organic nitrogen, amide and aminoacid nitrogen, but a lower content of Inorganic nitrogen.

On

the other hand, the roots from nitrate as compared with ammonium
treatments had a higher content of total nitrogen, protein
nitrogen, and inorganic nitrogen, but a lower content of nonprotein organic nitrogen.
Prom a study of nitrogen-starved chlorella cell suspension
Syrett (55) found that the assimilation of added ammonium salt
and the high rate of respiration continued until either all the
ammonium was assimilated or the carbon reserve was exhausted.
The respiration which accompanied ammonium assimilation was
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found to be sensitive to cyanide and it had a respiratory
quotient of 0*75 compared with 1*2 — 1.3 for normal respiration*
Syrett (56) also found that during the first 20 minutes of
assimilation most of the ammonium, which had been used, could be
accounted for as free or combined
nitrogen*

-amino-nitrogen and amide-

The following explanation was proposed:

glutamic acid * ATP «■ NH^

—m

glutamine ♦ ADP + H^PO^

It was suggested that the ratio of ATP to ADP might be
controlling the rate of this process*

It was thought to be

probable that glutamine synthesis is connected with respiration
through such phosphorylated compounds*
Folkes (14) and co-workers, working with barley seedlings
and excised roots, were of the opinion that the initial increase
In the respiratory rate, with external supplies of nitrogen,
was chiefly due to a primary effect on the root system*
Willis and Yemm (59) made an extensive study on the
nitrogen assimilation and the respiration of the excised root
system of barley plants.

They investigated the relation of the

respiration of the cut roots and assimilation of nitrogen with
particular regard to the following features:
" 1.

The stage of development of the seedling and the
zones of the root*

2.

The lighting conditions under which the seedlings
were grown.

3.

The form of nitrogen supplied to the roots, and
the effects of different cations and anions
supplied with the nitrogen source.

4.

The concentration of the nitrogen source.

5*

Salt respiration or the Lundegardh effect.M
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Among other observations they also noted that the effects
of nitrogen compounds on respiration were different in form and
magnitude from salt respiration.

The salt respiration of roots ,

grown under their experimental conditions, was demonstrated to
be very much smaller than the respiration increases found on
supplying the roots with inorganic nitrogen.

Measurements of

respiratory quotients and evidence from direct analysis indicated
that nitrogen is rapidly metabolized in the roots, and that
high rates of respiration are associated with the synthesis of
nitrogen compounds in the tissues.
Yemm and Willis (60) made a very thorough study of the
chief nitrogenous compounds in the root system of barley plants.
In their extensive study they used isotopic nitrogen (N^) in
order to trace the metabolic changes in excised roots.

In this

way they claim to have more certain evidences of the products
which are rapidly formed during the early stages of assimilation
of ammonium salts.

The extent to which the protein constituents

of the roots are involved in these changes has also been
estimated by them, by means of isotopic nitrogen.

Yemm and

Willis (60) noted some of the chief conclusions, from their
excised root experiment, as follows:
"1. Under all conditions of rapid assimilation marked
increase of glutamine has been observed, and the
experiments with N^5 show that glutamine arises
as a result of primary synthesis. When ammonium
salts are supplied, over 80 percent of the nitrogen
metabolized during the initial period of rapid
assimilation can be recovered as glutamine.
2. With nitrate, somewhat smaller quantities of
glutamine are formed, together with asparagine and
amino-acids* The data from experiments with different
sources of nitrogen are consistent with the view
that nitrate is converted to nitrite and hydroxylamine,
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and there is evidence that the step from nitrate
to nitrite is relatively slow*
3. The synthesis of amino-acids and amides is closely
associated with high rates of respiration and
rapid losses of carbohydrates from the tissues*
Evidence is presented that both the carbon skeleton
of the amides and the respiratory carbon dioxide
result from the breakdown of carbohydrate*
4. No marked increase of tissue protein occurs in
excised root*"
Yemm and Willis (60) also suggest:
"In all probability the reductive amination of
-ketoglutaric acid proceeds by means of electron
transfer mediated by pyridine nucleotides (DPN or TPN),
while the synthesis of the amide bond is promoted by
phosphorylations involving adenosine triphosphate (ATP).
Thus the catalytic mechanisms of oxidation-reduction and
phosphorylation are involved in the synthesis of
glutamine."
Their work also furnishes some further evidence of the importance
of phosphorylation in regulating cell respiration and the
synthesis of glutamine in excised barley roots from a study of
the action of 2 - 4 - dinitrophenol:
"It is well established that this inhibitor uncouples
oxidation and phosphorylation in cell-free preparations
and its effect on cellular respiration in plants has
been fully reviewed in the literature. At low concentra¬
tions of dinitrophenol it has been shown that the rate
of respiration of barley roots is greatly increased,
whereas the assimilation of ammonium and the synthesis
of glutamine are inhibited. Both of these effects are
consistent with the dependence of glutamine synthesis
on phosphorylation and the regulation of carbohydrate
metabolism by the level of energv-rlch phosphate
compounds in the cell (ATP, etc!)."
Phosphate Assimilation*
Hagen (19) and co-workers concluded, from a kinetic
study and a study of inhibitors on phosphate uptake by barley
roots, that orthophosphate uptake by excised barley roots was
coupled to sites identical with those for oxidative
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phosphorylation during electron transport in mammalian
mitochondria.
Hussell (48) and co-workers studied the effects of the
phosphate status of young barley plants and of respiratory
inhibitors on the distribution of phosphate absorbed during a
period of 24 hours.

They used three inhibitors:

2-4 dinitrophenol, and diethyledlthiocarbamate.

sodium azide,
They obtained

indications that two apparently distinct active processes in
roots are subject to inhibition by the three Inhibitors employed
(as described on page 12

of this chapter):

(1) metabolic retention and
(2) the transfer of ions across the root to the stele.
Loughman (36) used tracer technique (P^) to study uptake
and utilization of phosphate associated with respiratory changes
in potato tuber slices.

He found that within a few minutes of

uptake of inorganic phosphate, hexose phosphate and nucleotides
concentration increased steadily in the potato tuber slices with
corresponding decrease in inorganic phosphate.
esterification seemed to be separate processes.

Accumulation and
Incorporation

of phosphate may not be essential for uptake into the cell.
Loughman and Russell (37) studied the Initial stages of
phosphate metabolism in the roots of young barley plants.

They

used tracer technique to follow the distribution of absorbed
phosphorus between different organic fractions of the root during
a 24-hour absorption period.

Less than one minute after entry

a significant proportion of the absorbed phosphorus was found
to be in organic compounds.
shown in Figure lb.

The summary of their results are

Incorporation into nucleotides is
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FIGURE lb. INITIAL STAGES OF PHOSPHATE METABOLISM
IN ROOTS OF YOUNG BARLEY PLANTS- DATA
OF LOUGHMAN AND RUSSEL. (37)
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particularly rapid, and incorporation into hexose-phosphates
occured more slowly.

The pattern of esterification seemed to

depend on the phosphate status of the plants.
,

Loughman and Russel (37) also found in their study that

2 : 4

dinitrophenol (1$^ M) reduced the phosphorus uptake and

also reduced the Incorporation of phosphate in the nucleotide
fraction.

In absence of inhibitors as much as 80$ of the

absorbed phosphate may be in an organic form 15 minutes after
absorption and 75% of these organic phosphates was in the form
of nucleotides.

Of the five nucleotide fractions isolated by

them, only ATP and ADP were identified and three others remained
unknown.

They found that ATP was a major component of the

nucleotide fraction within the short time of 10 minutes.

They

concluded: ■’ .. ■ ; -o.7;
"The present results are compatible with the view
that the phosphate is first incorporated into the
ATP molecule and is transferred successively to
hexose monophosphates and to nucleic acid. Many
other alternative pathways must clearly exist."
They conceded that no evidence was presented which would warrant
the assumption that phosphate esters observed in this work were
directly connected with the mechanism of active transport.
Jackson (29) and co-worker reported their work with the
products of orthophosphate absorption by excised barley roots.
Among five major components which incorporate P-^ within 15
seconds, the primary products of phosphate absorption were
identified as Uridine diphospho glucose (UDPG), glucose - 1phosphate (G-l-P) and inorganic phosphate.

They were of the

opinion that organic phosphorus compounds (UDPG, G-l-P, and
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two unknowns) originated from absorption through one site and
inorganic phosphorus originated from absorption through a
second site.

MATERIALS AND METHODS
(A)

Growing of Seedlings and Production of Excised Roots*
Alfalfa and millet seeds were germinated and seedlings

were grown, by slight modification of the method of Hagen
et al (19)*

The procedure followed in this work is described

below*
15 grams of seeds, of either species, were soaked in
400 ml of distilled water in a 600 ml beaker with continuous
aeration*

18” x 12" x 2•5" enameled steel pans were snugly

fitted with plastic wire screens held by 1/2" wood frames.
Each batch of 15 gms of seeds were treated with 40 ml of
10$ H2 0g for 20 minutes and washed before germination*
Enamelled pans, plastic wire nets with wooden frames were
sterilized with steam at 15 psig for 15 minutes each time
before germination.

The enamelled pans were filled with

-4

2 x 10 m CaSOjj, solution so that the levels of the solution
were 1 to 2 cm below the plastic wire screens, which were
covered with cheese cloth.

The ends of the cheese cloths were

adjusted to reach a 1 inch depth in the solution on all sides
of the wooden frames.

After 24 hours of soaking, the seeds

were spread on the cheese cloths (15 gms of dry seeds on each
frame) and covered with thick brown paper.
The solutions in the pans were continuously aerated
through capillary tubes.

44 hours after planting the seeds, the
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paper covers were removed and the fluorescent lights were
turned on.

The solutions in the pans were changed 3 days

after planting the seeds.

6 days after planting the seeds,

the roots were excised 2 to 3 millimeters below the screens.
The excised roots were rinsed twice with distilled water
and then suspended in 4 liters of distilled water and aerated
for 5 minutes.

This aeration process was found to be very

efficient for complete mixing of the roots and was recognized
as one important step to eliminate as much as possible of the
biological variations in root samples.

The roots were then

suspended in distilled water in preparation for weighing.
Excess water was removed from the roots immediately before
weighing by placing them between two pieces of cheese cloth.
100 milligrams of Millet and 200 milligrams of Alfalfa roots
were then weighed and quickly put into shallow aluminum dishes
(2-1/4" in diameter and 3/4“ deep) containing approximately
5 ml of distilled water.

The roots were stored in the laboratory

up to 1 hour before use and for any longer storage period they
were stored in a refrigerator at

(b)

5

to

6°C.

Treatment Solutions and Steady State Phosphorus Uptake
Experiment.
The chemicals used for preparation of treatment solutions

were "Baker Analyzed" Reagents.

pHs* of the treatment solutions

were adjusted with HC1 and NaOH solutions to the specified values
using a Beckman pH meter with glass and calomel electrode
assembly.

pHs* of the treatment solutions were measured at

intervals and were found to be constant within ♦

0.05 pH unit
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over a period of 2 weeks*

All treatment solutions were used

well within 2 weeks after they were prepared.
150 ml of treatment solutions were equilibriated with
100 mg of Millet or 200 mg of Alfalfa roots for a specified
time in 250 ml beakers.

These equilibrations were carried out

at a specified temperature in two precisely controlled water
baths.

The general set-up of the water baths and treatment

solutions in beakers are shown in the photograph in Figure 2.
Most of the experimental runs were carried out at 30°C as
described in the chapter on Results and Discussion.

Water baths

were controlled at 30°C with the precision temperature regulator
shown in Figure 3*

Ethyl

ether, with a sensitive range between

26.5°C to 38*5°C, was usecl as a sensitive liquid.

Experimental

runs at temperatures other than 30°C, were short and the speci¬
fied temperature was controlled by manually adjusting the inlets
and outlets of hot or cold water in the water baths.
Treatment solutions (150 ml solution in 250 ml beaker)
were stored in the water bath for 45 minutes or more before the
addition of excised roots.

The levels of the water in the water

baths were always maintained at the same level as the solutions
in the beakers which were immersed in the water baths.
Equilibration time of the roots in the treatment solutions
was 10 minutes for phosphorus uptake experiments.

The procedure

described below was followed from the time of adding the roots
to the treatment solutions to the time of their activity
measurement.
Roots were added to the treatment solution at zero time

FIGURE
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31and stirred thoroughly with a glass rod.

Boots were stirred

again at 4 minutes, 8 minutes and Just before filtering at
10 minutes.

Exactly at 10 minutes the roots were filtered

through a gooch crucible fitted with a piece of cheese cloth
and washed three times with small volumes of distilled water
totaling 30 ml.

The roots with cheese cloth were then suspended

in a volume of 200 ml of distilled water and the cheese cloth
was removed.

The roots were next filtered through the gooch

crucible with a fresh piece of cheese cloth, and washed with
150 ml of distilled water.

The gooch crucible with roots was

then stored in a closed desiccator with water at the bottom to
keep the humidity close to 100#.

Storage under this condition

prevented drying of roots before transfer to the stainless steel
planchets.

Dry roots are almost Impossible to transfer to the

planchets.

At the end of the experiment the roots were transferred

to stainless steel planchets of 1 inch diameter and 1/4 inch
deep.

The roots were dried at room temperature before counting

their activity.
In some experiments, as described in the chapter on
Results and Discussion, different gases were passed through the
treatment solutions during equilibration with roots.

The gases

were passed from a gas tank through capillary tubes and the
general set-up has been shown in Figure 1.

Filtration, washing

and transfer of roots to the planchets were performed the same
was as described in the previous paragraph.
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(c)

Determination of the Activity of the Roots as a Measure
of Phosphorus Uptake.
p32 tracer was obtained from Oak Ridge as H3PO4 in

HC1 solution.

Treatment solutions were labeled with 0.5 me

p32/liter of solution.

Radioactivity counting set-up consisted

of the following tracerlab elements:
(1) A Geiger Mueller Tube, T G C - 2/1 B 8 4 with
window weight of 1.8 mg/cm2/
(2) SC9D shielded manual sample changer.
(3) Autoscaler operated with a pre set timer.
The planchets were counted for at least 5000 counts or
more and counts per minute were computed.

Standard curves were

constructed as shown in Figure 4 by diluting the treatment
solutions, taking aliquot parts of these dilutions in stainless
steel planchets and counting them after drying under an infra¬
red lamp.

Amount of activity in the standard samples was

adjusted to get the same range of counting rate as obtained
from jthe root samples.

A standard curve obtained under this

condition eliminated the necessity of correction for coincidence
loss.

Figure 4 also shows that overall counting efficiency

of the counting set-up is 10$, based on the assayed activity of
the sample from Oak Ridge Laboratory.
Figure 4 shows a typical standard curve with zero time
of counting.

The root samples were counted after this zero

time and a correction for the decay was made on the b§sls of
elapsed time from this standard zero time.

Standard curve in

Figure 4 includes a wide range of counts per minute to show
the shape of a P^2 standard curve over a wide limit of activities.
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In general, counting rates of roots samples were below 10,000
C.P.M. and standard curves with this range were plotted in an
enlarged scale.

Amount of phosphorus uptake by the specified

weight of roots were thus read off from the standard curve and
moles of phosphorus uptake by one gram of fresh root, under
given treatment conditions, was calculated.

(d)

Replication and Statistical Analysis.
In most of the experiments triplicate samples of weighed

excised roots and solutions were used for the estimation of
phosphate uptake.

The exception occurred in those experiments

where phosphate uptake was estimated using single samples of
excised roots with time and phosphate concentrations as
variables.
Analysis of variance was computed on those experiments
with three replicates and the standard error of the mean was
used as a guide to estimate the significance of different
treatments.

RESULTS AND DISCUSSION
(a)

Phosphorus Uptake with Time of Excise of Roots.
Washed excised roots, as described in the chapter of

Materials and Methods, were stored In distilled water for
different lengths of time before they were used in a phosphorus
uptake experiment.

Table 1 presents the data on uptake of

phosphorus from treatment solution by 1 gram of millet roots
with different times after excise.

The data of Table 1 are

plotted in Figure 5*
The results indicate the uptake of phosphorus to be
constant for a given treatment and is not changing with time of
storage up to nine hours.

(b)

Steady State Uptake of Phosphorus.
Tables 2 and 3 represent the uptake of phosphorus by

millet and alfalfa roots, respectively.

These data are plotted

In Figures 6 and 7 along with the steady state uptake data of
Noggle and Fried (42).
The straight line plots of both millet and alfalfa confirm
the literature data showing steady state uptake of phosphorus
by excised roots during this period of time.

36.
(c)

Effects of Different Nitrogen Compounds and Their Levels
on Phosphorus Uptake at Different Phosphorus Concentrations.
Tables 4 and 5 represent phosphorus uptake by millet and

alfalfa roots, respectively, from different treatment solutions
with 10 minutes contact time.

Calcium nitrate, ammonium sulfate

and urea were used as sources of nitrogen.

The first two were

used at three levels (0.001 M, 0.003 M and 0.009 M N) and urea
was used only at 0.003 M N level.
used.

Three phosphate levels were

Figures 8 and 9 show the plot of data of tables 4 and 5.
Figure 8 summarizes the data on millet.

It shows that

at phosphorus levels of 3 x 10”3 M and 3 x 10*"2* M, different
nitrogen compounds and their levels used in this experiment did
not make any significant change in the phosphorus uptake of
excised roots from that of the control.

At the phosphorus level

of 3 x 10"3 m, 0.001 M calcium nitrate and ammonium sulfate
treatments again seem to have no difference on phosphorus uptake
from that of the control.

As the calcium nitrate concentration

was raised to 0.003 M N the difference in phosphorus uptake
from the control became significantly greater (more than two
times the standard errors of mean).

Urea at 0.003 M N also

exhibited a similar effect on phosphorus uptake by excised
millet root.

Ammonium sulfate at 0.003 M N on the other hand

depressed phosphorus uptake significantly compared to that of
the control.

The trend shown by each treatment is increased

further with increasing concentration of the nitrogen source
at this phosphorus level, i.e. the enhancing effect of calcium
nitrate on phosphorus uptake is increased and the inhibitory
effect of ammonium sulfate on phosphorus uptake is increased

.

MOLES P SORBED X IOe/GM.ROOT
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TIME IN HOURS AFTER EXCISING OF ROOTS FROM PLANTS
( ROOTS WERE STORED IN DISTILLED WATER UNTIL USED)

FIGURE 5, PHOSPHORUS UPTAKE BY ONE GRAM OF
EXCISED ROOTS OF MILLET AT DIFFERENT
TIMES AFTER EXCISE

.
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TABLE

1

PHOSPHORUS UPTAKE BY ONE GRAM OF EXCISED ROOTS OF
MILLET AT DIFFERENT TIMES AFTER EXCISE

Time After Excise

Moles of Phosphorus Sorbed
x lO^/gm root*

4 minutes

13.5

8 minutes

15.0

1 hour

13.0
14.0

3 hours

17.5 '

6 hours

12.0
18.0

8 hours 15 minutes

14.0

9 hours

17.5

* From a solution containing 3*10"^ M P and 0.009 M N as

(NH^Jg S04

.

I

MOLES OF PHOSPHORUS SORBED (X lO^GM.ROOTS
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TIME OF CONTACT IN MINUTES

FIGURE 6. PHOSPHORUS UPTAKE BY ONE GRAM OFEXCISED
ROOTS WITH TIME OF CONTACT WITH TREATMENT
SOLUTIONS

.
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TIME OF CONTACT IN MINUTES

FIGURE 7. PHOSPHORUS UPTAKE BY ONE GRAM OF EXCISED
ROOTS WITH TIME OF CONTACT WITH TREATMENT
SOLUTIONS

.
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TABLE

2

PHOSPHORUS UPTAKE BY EXCISED MILLET ROOTS WITH
INCREASING TIME OF CONTACT WITH TREATMENT SOLUTIONS

Moles of Phosphorus Sorbed
X 108*
Time of Contact

Treatment Solutions

2 min.

4 min.

6 min.

7.0

11.8

14.3

22.8

as Ca(N0^)2

7.4

14.0

18.8

24.0

♦ 0.009 M N
as (NHjjJgSO^

6.2

10.2

11.4

20.0

♦ 0.009 M N
as Urea

10.0

15.0

20.3

28.0

0.003 M P as Ca(H2K>4)2
* 10 ml Ca S04/liter

«
■
■

*

«.

+

+

»

"

*

10 min.

f 0.009 M N

Per gram freshorbot•

.
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TABLE

3

PHOSPHORUS UPTAKE BY EXCISED ALFALFA ROOTS WITH INCREASING
TIME OF CONTACT WITH TREATMENT SOLUTIONS

Treatment Solutions

Moles of Phosphorus Sorbed x 108*
Time of Contact
2 min. 4 min.

0.003 M P as Ca(H2K>4)2
♦ 10 ml CaS04/llter

"

*
♦

*

■

+

«

»

■

6 min.

8 min.

10 min.

1.3

2.8

3.2

3.4

6.2

♦ 0.009 M N
as Ca(N03)2

2.0

3-4

3.8

4.4

7.2

+ 0.009 M N
as (NH4)2S04

1.0

2.0

2.3

2.2

5.2

1.3

2.2

3.2

—

—

+ 0.009 M N
as Urea

*

Per gram fr^shvrbot.

^3.
also.

At 0.009 M N concentration both these treatments were

highly significantly different from the control.
Figure 9 shows for excised alfalfa roots the phosphorus
uptake from the same treatment solutions as described above for
millet roots (Figure 8).

Alfalfa roots did not show significant

difference in phosphorus uptake between control and treatments
at phosphorus levels of 3 x 10-5 m and 3 x 10~^ M.

When the

phosphorus level was increased to 3 x 10*3 m, calcium nitrate
and urea treatments showed similar significant increase in
phosphorus uptake as discussed in the case of excised millet
roots.

However, in contrast to millet roots there was no

significant effect of ammonium sulfate on the uptake of
phosphorus by alfalfa roots at 3 x 10“3 m phosphorus level.

(d)

Effect of pH on Uptake of Phosphorus by Millet Roots
From Different Treatment Solutions.
Table 6 presents the phosphorus uptake by excised millet

roots from different treatment solutions at pH 4, pH5, and pH6.
There is a general trend of increasing phosphorus uptake
with Increasing pH in all the treatments.

A closer look at the

data shows that phosphorus uptake in the control treatment of
pH4 and pH6 shows only a trend (difference is more thoa standard
error of mean but less than twice the standard error).

However,

in the treatments with 0.009 M N calcium nitrate or 0.009 M N
ammonium sulfate the difference between pH4 and pH6 is highly
significant (the difference is more than three times the
standard error mean).

With the 0.009 M N urea treatment, the

difference between phosphorus uptake at pH4 and pH6 is just
significant.

.
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MOLES OF PHOSPHORUS SORBED (XIO8) /GRAM OF MILLET ROOTS

0-CALCIUM NITRATE
A-AMMONIUM SULFATE

FIGURE 8. PHOSPHORUS UPTAKE BY MILLET ROOTS FROM
TREATMENT SOLUTIONS WITH INCREASING P CONCN.

MOLES PHOSPHORUS SORBED/GRAM ALFAJ-FA ROOTS ( MOL X I08)

^5.

NITROGEN CONCN(MOLES/LITER)

FIGURE 9. PHOSPHORUS UPTAKE BY ALFALFA ROOTS
FROM TREATMENT SOLUTIONS WITH
INCREASING P CONCENTRATION

.
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TABLE

4

PHOSPHORUS UPTAKE BY MILLET ROOTS FROM TREATMENT SOLUTIONS
WITH INCREASING PHOSPHORUS CONCENTRATION
(Average 3 Replicates)

Treatment Solutions

o

Mo}.es of Phosphate Sorbed x 10° at
Molar Phosphorus Concentrations**
3 x 10-5
3 x 103 x 10-^

0.001 M N as Ca(N03)2

5.6

27.5

193.3

0.003 M

n

It

6.9

23.0

240.0

0.009 M

N

M

6.6

25.8

356.0

5.8

15.5

196.0

0.001 K N as (NH4)2S04
0.003 M

n

N

5.0

20.3

157.0

0.009 M

N

It

5.1

14.0

122.3

0.003 M N as urea

5.0

2?.8

246.0

Control — nc• nitrogen

5-3

22.9

198.7

Standard error of mean

»

+

19.5

1

All treatment solutions contain 10 ml saturated CaSO/^,
solution/liter.

**

Per gram freshoroot.
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TABLE

5

PHOSPHORUS UPTAKE BY ALFALFA ROOTS FROM TREATMENT SOLUTIONS
WITH INCREASING PHOSPHORUS CONCENTRATION
(Average 3 Replicates)

Treatment Solutions*

Moles of Phosphate Sorbed, x 10® at
Molar Phosphorus Concentrations**
3 x 10-5

0.00X M N as Ca(N03)2

3-5

0.003 M

*

*

0.009 M

"

"

3 x 10-4

3 x 10-3
30.7

3.1

6.7
7.0

4.0

9.2

51.8

0.001 M N as (NH4)2S04

2.7

6.6

26.2

0.003 M

»

“

2.8

5*7

22.0

0.009 M

«

■

2.1

4.3

24.?

0.003 M N as Urea

2.4

6.0

39.8

Control — no nitrogen

3.0

6.4

24.?

•

o

♦1

II

Standard error of mean

33-0

*

All treatment solutions contain 10 ml of saturated CaSOij,
solution*

**

Per gram fr^sh ;ro,Qt •

.
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TABLE

6

PHOSPHORUS UPTAKE BX MILLET ROOTS PROM TREATMENT
SOLUTIONS AT DIFFERENT pH.

(Average 3 Replicates)

Treatment- Solutions

Moles of Phosphate Sorbed x 10® at
pH 4

pH 5

pH 6

139

141

168

0.003 M N
as Ca(N0^)2

119

144

168

0.009 M N
as Ca(N0^)2

135

160

210

0.009 M N
as Urea

141

166

179

0.009 M N
as (NH4)2S01(,

112

160

188

0.003 M I* as CaXHgPO^)^
N

♦

N

M

H

♦

Standard error of mean

=;

♦ 17.2

.
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(e)

Phosphorus Uptake by Millet Roots from Treatment Solution
Containing Different Proportions of Ammonium Sulfate and
Calcium Nitrate.
Table 7 shows the phosphorus uptake by millet roots from

treatment solutions containing different proportions of
ammonium sulfate and calcium nitrate.
NHj^, SO^ and Ca

Concentrations of NOp

are also tabulated in the table, along with

each treatment description.

Figure 10 presents the plot of

the data.
From Figure 10 we see that the treatment with 100#
ammonium sulfate (0 mole # nitrate N) depresses the phosphorus
uptake very significantly as compared with the treatment with
100# calcium nitrate.

From the 50 mole # N solution (calcium

nitrate and ammonium sulfate) the phosphorus uptake was the
same as that from the 100# calcium nitrate treatment.

From

another treatment consisting of 50 Mole # NOj nitrogen and
NHjJ nitrogen (NH^NO^) the phosphate uptake by excised millet
roots was not significantly different from the other 50 Mole #
N0“ nitrogen treatment (0 and

(f)

A

in the Figure 10).

Phosphorus Uptake by Millet Roots from Treatment Solutions
Containing Different Concentrations of NH^, in Presence and
in Absence of SOR.
Table 8 actually presents two pairs of treatment results.

The first two treatments represent a comparison, where both NH
and SOjJ concentrations were doubled from the first treatment to
second treatment.

There is a trend of lower phosphate uptake

than that of the first treatment but the difference is not
statistically significant.

PHOSPHORUS SORBED (X IOe)/GM ROOTS

FIGURE 10. PHOSPHORUS UPTAKE BY MILLET ROOTS FROM
TREATMENT SOLUTIONS CONTAINING DIFFERENT
PROPORTION OF AMMONIUM SULFATE AND CALCIUM
NITRATE.

.
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TABLE

7

PHOSPHORUS UPTAKE BY MILLET ROOTS FROM TREATMENT SOLUTIONS
CONTAINING DIFFERENT PROPORTIONS OF AMMONIUM SULFATE
AND CALCIUM NITRATE
(Average 3 Replicates)

Moles of
Phosphate
Sorbed x
lo” per gm
of roots

Concentrations of
cations and anions
(mg/liter)

Treatment Solutions*

3

NH4

SO4

0

162

432

6.8

86

6.2

160

42?

8.8

108

6.2

144

385

26.8

96

279

81

216

96.8

175

0.0045 M NH4NO,

2?9

81

Trace

6.8

164

0.009 M H as Ca(N03)2

558

0

Trace

186.8

178

NC
0.00,9 M N as (m^)2SO^
0
"
" Ca(N03)2
0.0089 M N as (NH4)2S04
0.0001 M N as Ca(NO,)2
0.008 M N as (NH^gSOj,.
0.001 M N as Ca(NO-j)2
0.0045 M N as (NH4)2S04
0.0045 M N as Ca(NO^)2

Ca*

Standard error of mean = ♦ 15
* All treatment solutions contained 0.003 M P as Ca(H2P0^)2
and 10 ml of saturated CaSO^.

.
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The next two treatments represent a comparison where
NHjJ concentrations was doubled in the last treatment but in the
absence of SO^

ion.

Again there is a trend of lower phosphate

uptake on doubling of NH^+ but the difference is not
statistically significant.
The comparison of phosphate uptake between the two pairs
of the treatments, with S0^= and without S0^“, shows that
ammonium sulfate exerts a depressing effect on phosphate uptake
by excised millet roots at 0.003 M P.

This depressing effect

of ammonium sulfate could be predicted from the results plotted
in Figure 8.

(g)

Effect of Different Cations on the Uptake of Phosphorus
fi2L Excised Roots From Treatment Solutions.
Tables 9 and 10 present treatments with different pri¬

mary salts of phosphoric acid and the results of phosphorus
uptake by alfalfa and millet, respectively .
With alfalfa roots, Ca4’* had a highly significant
enhancing effect on phosphorus uptake.

The trend of cations

studied on the phosphorus uptake is Na* =

Ca**.

With millet Ca4”* has a very highly significant effect
on phosphorus uptake.

The trend of cations on phosphorus

uptake is K* = NH4+< Na4, «Ca*4’.

(h)

Effect of Different Cation and Anion Combinations on the
Uptake of Phosphorus by Excised Roots from Treatment
Solutions.
Tables 11 and 12 show the effects of different cation

and anion combinations on the uptake of phosphorus by alfalfa

.
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TABLE

8

PHOSPHORUS UPTAKE BY MILLET ROOTS FROM TREATMENT SOLUTIONS
CONTAINING DIFFERENT CONCENTRATIONS OF NHk4* IN PRESENCE
AND IN ABSENCE OF SO4“
(Average 3 Replicates)

Treatment Solutions

0 0
0 0
• •
0 0

M P as Ca(H,P0i,) _
2 4 2
M N as (NH4)2S04

0
0
•
0

M P as Ca(H2P04)2

0.006 M N as (nh4)2so4
0
0
•
0

M P NH4H2P04

0.006 M P (NH4)2HK>4

Concentration of
cations and anions
(mg/liter)

Moles Phos¬
phate Sorbed
x 10° per gr
of roots

NH4+

SO 4=

Ca’"1'

54

144

6.8

121

108

288

6.8

111

54

0

0

142

108

0

0

134

^.

5

TABLE

9

EFFECT OF DIFFERENT CATIONS ON THE UPTAKE OF PHOSPHORUS BY
ALFALFA ROOTS FROM TREATMENT SOLUTIONS
(Average 3 Replicates)

Treatment Solutions

Moles of Phosphate Sorbed x 10

0*003 M NaH2P04

7.5

0.003 M kh2po^

8.1

0.003 M NH^HgPOj^

9.8
24.4

0.003 M Ca(H2K>4)2
Standard Error of Mean

*

Per gram

♦

1.0

.
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TABLE

10

EFFECT OF DIFFERENT CATIONS ON THE UPTAKE OF PHOSPHORUS BY
MILLET ROOTS FROM TREATMENT SOLUTIONS
(Average 3 Replicates)

o*

Treatment Solutions

Moles of Phosphorus Sorbed x 10

- r

0,003 M NaH2PO^

95.0

0.003 m kh2po4

f

?4.3
77.0

0.003 M NH^HgPO^

134.0

0.003 M CatHgPO^)
Standard Error of Mean

Per gram frpshortoot•

-l

+

5*6

.

56

TABLE

11

EFFECT OF DIFFERENT CATION AND ANION COMBINATIONS ON THE
UPTAKE OF PHOSPHORUS BY ALFALFA ROOTS FROM TREATMENT
SOLUTION
Cation and Anion Combination were Added to
0.003 M NaH2?0^ as Noted Below
(Average 3**eplicates)

Moles of Phosphate
Sorbed x 10°
Anions

Average
Effect of
Cations

Cl"

NO^"

12.0

10.4

8.4

10.3

0.009 M

10.0

8.4

7.8

8.4

0.0045 M CaM

14.4

14.1

13.4

14.0

0.0045 M MgT-''

—

10.1

10.4

10.3

Average effect
of anions

12.1

10.8

10.0

Cations
0.009 M

Kr

Standard Error of Mean
*

Per gram freshcrbot.

t 1.0

SO

.
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TABLE

12

EFFECT OF DIFFERENT CATION AND ANION COMBINATIONS ON THE
UPTAKE OF PHOSPHORUS BY MILLET ROOTS FROM TREATMENT
SOLUTION
Cation and Anion Combination were Added to
0.003 M NaHgPOj^ as Noted Below
(Average 3 Replicates)

Moles of Phosphate
Sorbed x 10®*
Anions
Cations

Cl*

NO *
3

S04*

Average
Effect of
Cations

0.009 M K*

76.3

64.0

59.7

66.7

0.009 M Nfli,*

71.7

59.7

51.7

61.0

0.0045 M Ca**

85.7

86.3

65.3

79.1

0.0045 M Mg-,"r

—

72.3

59.7

66.0

Average effect
of Anion

77.9

70.6

59.1

Standard error mean
*

Per gram fresh-root•

5.6

.
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and millet, respectively.

In Table 11 phosphorus uptake by alfalfa roots from
SO/j,

salts, is highly significantly greater for Ca** than

NHjj4* and K4*.

A similar but less pronounced trend exists for

Cl" and NO^ salts.

The trend of phosphorus uptake by anions

was SO/j™ ^ NOy

This anion effect is greatly reduced in

the presence of Ca**.

It appears that Ca4** has a "recovery"

effect on those anions which depress the uptake of phosphate.
The data obtained with millet roots (Table 12) show
the same trend as alfalfa on phosphate uptake effect from
anions,

SO^

NO^

^ Cl , and the same trend of effect from

cations with Ca4,4, having significantly more enhancing effect
that the other two cations.

The depressing effect of SO^*

was much greater on millet than on alfalfa.

Mg4"4, does not

greatly influence the uptake of phosphate by either millet or
alfalfa roots.
In these experiments Ca^exhiblts the greatest enhancing
effect and SOj^" the greatest depressing effect on the uptake of
phosphate by excised roots of alfalfa and millet.

(i)

Phosphorus Uptake by Excised Roots from Treatment Solutions
With Different Oxygen Tension
Tables 13 and 14 present data from the experiments where

phosphorus uptake by excised alfalfa and millet roots, respective
iy, was studied from treatment solutions with different oxygen
tension.

Different oxygen tension in the treatment solutions

were created by passing no gas, and by bubbling nitrogen, air,
and oxygen gas through treatment solutions.

The data are

.
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plotted in the figures 11 and 12, respectively.
Both alfalfa (Figure 11) and millet (Figure 12) roots
show a highly significant increase in phosphate uptake in each
of the bubbling gas treatments as compared to the no gas treat¬
ment.

The only logical explanation of this large increase of

phosphorus uptake (for all gas treatments and with both alfalfa
and millet) appears to be due to the stirring effect by the
passage of gas bubbles.

Passing of nitrogen gas drives off the

dissolved air from the solutions, thus reducing the oxygen
tension of the solution.

Apparently oxygen retained by the

tissue cells is sufficient for the 10 minute steady state
period, since in general there is not a great deal of difference
in phosphate uptake when nitrogen was passed than that when
air was passed.

Higher oxygen tension in the treatment solutions

should be attained when pure oxygen gas is passed, and under
such conditions, there is a general decrease in phosphate
uptake by the excised roots.

Due to lack of clear knowledge

of the mechanism of phosphorus uptake any explanation for the
observed behaviors would be speculative.

(j)

Phosphorus Uptake by Excised Roots from Treatment Solutions
at Different Temperature
Tables 15 and 16 present the data on phosphorus uptake

by alfalfa and millet, respectively, from treatment solutions,
at temperatures of 10°C, 20°C, 3Q°C and 40°C.

Figures 13 and

14 represent plots of the data.
In these two sets of experiments the phosphorus concen¬
tration of the control and treatment solutions was 0.006 M P

.
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FIGURE II. PHOSPHORUS UPTAKE BY ALFALFA ROOTS FROM
TREATMENT SOLUTIONS WITH DIFFERENT OXYGEN
TENSION

.

MOLS OF P SORBED X 108
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FIGURE 12.PHOSPHORUS UPTAKE BY MILLET ROOTS FROM
TREATMENT SOLUTION WITH DIFFERENT OXYGEN
TENSION

.
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TABLE

13

PHOSPHORUS UPTAKE BY ALFALFA ROOTS FROM TREATMENT SOLUTIONS
WITH DIFFERENT OXYGEN TENSION
(Average 3 Replicates)
SE53SS5Z55CS5S3SS5235E2E522SSE55533SS2S5S3ES555S3S

g

Phosphorus Uptake Moles x 10 /m roots
Treatment
Solutions

None

0.006 M P as CaCH^POj^Jg
♦ 30 ml sat. CaSO^/liter
N

+ 0.018 M_ N

Bubbling Gas
Nitrogen
Air
200

202

181

100

214

199

200

85

175

195

159

—

210

201

230

as Ca(N0^)2
N

N

* 0.018 M N
as (NH^SO
♦ 0.018 M N
as Urea

Oxygen

.
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TABLE

14

PHOSPHORUS UPTAKE BY MILLET ROOTS FROM TREATMENT SOLUTIONS
WITH DIFFERENT OXYGEN TENSION
(Average 3 Replicates)

Phosphorus Uptake Moles x 10°/gm roots
Treatment
Solutions

None

0.006 M F as Ca(H2P04)2
* 30 ml sat. CaSO|)/lit er
N

♦ 0.018 M N
as Ca(N0~)2

N

N

t 0.018 M N
as Urea

Oxygen

250

478

520

527

206

400

389

340

171

322

349

300

239

467

540

420

♦ 0.018 M N
as (NH4)2S0

Bubbling Gas
Nitrogen
Air

4

MOLS OF P SORBED X 108
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FIGURE 13. PHOSPHORUS UPTAKE BY ALFALFA ROOTS FROM
TREATMENTSOLUTIONS AT DIFFERENT TEMPERATURES

65.
or twice the treatments of Figure 8 and 9.

The calcium sulfate

concentration of the control was increased to three times that
in the treatments of Figure 8 and 9«

The concentration ratio

of CaO^PO^Jg to CaSOj^ in the control and in all the treatment
solutions was thus fixed arbitrarily equal to the solubility
ratio of these salts in water*

This arbitrary concentration

ratio was chosen to simulate a concentrated solution near a
band of superphosphate fertilizer.

This tends to represent a

practical situation instead of having pure solution of calcium
primary phosphate.

Different treatments in this experiment

thus should Indicate which nitrogen fertilizer source when
placed with a superphosphate band would be relatively more
effective so far as phosphate uptake by roots of alfalfa and
millet is concerned.

Figure 13 and 14 show the same general

trend as to the relative effectiveness of nitrogen sources on
phosphorus uptake by both species of roots.

The effect of

nitrogen sources used on the uptake of phosphorus is:
urea ^

calcium nitrate ^

ammonium sulfate.

The effect of temperature on phosphate uptake indicates
an important general conclusion.

Extrapolation to 0°C shows

that there is no effect of any nitrogen source (or any other
ion in the treatment solution) on the phosphate uptake by
millet roots (Figure 14) at 0°C.
A similar extrapolation for alfalfa (Figure 13) shows
a very small effect of nitrogen source (and other ions) on
the phosphate uptake at 0°C.

With increases in the temperature

the differences between the nitrogen sources become more and
more pronounced.

A positive linear effect of temperature on

600r

MOLS OF P SORBED X I08

500

_»_i_i_i_

0

10

20
30
TEMPERATURE °C

40

FIGURE 14. PHOSPHORUS UPTAKE BY MILLET ROOTS FROM
TREATMENT SOLUTIONS AT DIFFERENT
TEMPERATURES

50

.
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TABLE

15

PHOSPHORUS UPTAKE BY ALFALFA ROOTS FROM TREATMENT
.SOLUTIONS AT DIFFERENT TEMPERATURES
(Average 3 Replicates)

Phosphorus Uptake Moles
x 10®/gm roots

Treatment Solutions

20°C

—

—

100

66

79

108

a)
0.006 M P as Ca(H2P0. )2
(2)

♦ 3° nil sat. CaSO4/

liter
(3)

N

"

30°c

10°C

40°C

—

* 0.018 M N
as Ca(N0o)2

38

63

88

102

* 0.018 M N
as (NH4)~S04

25

31

62

83

40

65

8?

120

—

50

71

—

(4)
N

(5)

N

"

«

♦ 0.018 M N
as Urea

0.006 HP as Mg(H2P0^)2

.
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TABLE

16

PHOSPHORUS UPTAKE BY MILLET SOOTS FROM TREATMENT
SOLUTIONS AT DIFFERENT TEMPERATURES
(Average 3 Replicates)

Treatment Solutions

Phosphorus Uptake Moles
x 10®/gm roots
20°C

30°c

337

375

—

217

244

379

163

221

244

88

143

190

220

140

191

272

320

—

317

339

—

10°C
(i)
0.006 M P as Ca(H2P04)£

00

40°C

(2)
30 ml sat. CaSO\j'liter
Control
151

N

(3)

" ♦ 0.018 M N
as Ca(N03)2

N

(4)
N

4>

* ♦ 0.018 M N
'

(5)

tt

97

as (NH^)2SO4

♦ » ♦ 0.018 M N
as Urea

(6)
0.006 M P as Mg(H2P04)2

69.

phosphate uptake is indicated clearly for each nitrogen source
and each root species.

(k)

Phosphorus Uptake by Excised Roots from Treatment
Solutions with Increasing Concentration of Phosphorus
and Presentation of Kinetic Plots.
Tables 17 and 18 present the uptake of phosphorus by

millet and alfalfa, respectively, from different treatment
solutions and at temperatures of 30°C and 0°C.

Figures 15

'and 16 are plots of the data.
Both millet (Figure 15) and alfalfa (Figure 16) show
the general trend that divergences between nitrogen sources
are more pronounced at higher external phosphate concentration.
This effect is more clearly noticeable for alfalfa (Figure 16).
These results corroborate the findings reported in Figures 8
and 9*
At 0°C nitrogen sources had no effect on the phosphate
uptake by both alfalfa and millet at all external concentra¬
tions of phosphates studied.

This again confirms the results

reported in figures 13 and 1^.
Figures 17 and 18 show the plots of Kinetic equations
for millet and alfalfa according to the methods of Hagen
et al (19) and Noggle and Fried (42).

The data of Figure 17

and 18 are calculated from the data presented in Tables 17 and
18.
Theory and plots of Kinetic equations are discussed in
the literature (19, 42) in great detail and a summary is given
in the chapter on Literature Review.

The highest concentration

.
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PHOSPHORUS CONCENTRATION MX I03
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15. UPTAKE OF PHOSPHORUS FROM TREATMENT
SOLUTIONS WITH INCREASING P CONCENTRATIONS

.

MOLS OF PHOSPHORUS SORBED X 106
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FIGURE 16. UPTAKE OF PHOSPHORUS FRo|/l TREATMENT
SOLUTIONS WITH INCREASING P CONCENTRATIONS
//
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of phosphate used in such work was of the order of 10*“^ M.
In the present work the main interest was centered around
phosphate concentrations which were 30 to 60 times higher then
the above concentration*

These higher concentrations were

chosen for two main reasons:
1.

The interest of this work was to find the effect of

nitrogen source on phosphate uptake and this effect was
found at higher level of phosphorus concentration.
2.

The N-P relationship has been measured in field plot

experiments (17) and higher P concentrations seemed to
be a more realistic approach towards simulation of the
nutrient environment near the superphosphate fertilizer
band.
Kinetic plots of both alfalfa and millet show that at
low concentrations of phosphate, straight lines of small
negative slope were obtained as also reported in the literature
(19, 42).

However, when the phosphate concentration was

varied between 3 and 9 x 10~^ M, the kinetic plots show
positive slopes rather than negative slopes as reported earlier
(19, 42) at lower phosphate concentration.

From enzyme reaction

kinetics, positive slopes are unexplainable.
At low phosphate concentration, metabolic processes are
presumed to have a dominant role in phosphate uptake. As the
phosphate concentration is increased, it seems quite likely
that passive uptake assumes a more and more important role in
phosphate uptake.

This point will be discussed further.
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FIGURE 17 PLOT OF THE KINETIC EQUATION
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MOLS OF P SORBED X 10
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FIGURE 18, PLOT OF THE KINETIC EQUATION

SOME THEORETICAL CONSIDERATIONS AND
INTERPRETATIONS OF RESULTS
(a)

Discussion on the Results of Temperature-effect Experiments
(Figures 13, 14) and Kinetic Equation Plots (Figures 17.18#)
In the previous chapter we have discussed the devia¬

tion of the slope of kinetic plots (Figures 17, 18) from
negative to positive, at higher external phosphorus concentra¬
tion and increasing importance of passive uptake of phosphate
by excised roots was mentioned as a probable cause of such
deviations•

Here further indications of influence of passive

uptake mechanism based on temperature coefficient experiments,
are discussed.
Figures 13 and 14 present data on temperature co¬
efficients of phosphate uptake mechanisms of alfalfa and
millet roots respectively from different treatment solutions.
It is known that metabolic reactions are slowed down
as the ambient temperature is lowered.

At 0°C or just above

freezing, the metabolic reactions come to a stop, for all
practical purposes.
Figures 13 and 14 show the phosphate uptake by alfalfa
and millet roots, respectively at 0°C (extrapolated values).
At 0°C roots show some capacity of phosphate uptake.

If the

mechanism for this uptake is assumed as solely passive, this
may give us a basis for an approximate idea of the role of
passive uptake at higher temperature, say 30°C.

Such
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approximation for millet roots (Figure 14) shows that at 30°C
phosphate uptake is about 4 times as much as that at 0°C with
the control treatment.

As the passive uptake rate is expected

to increase more at 30°C than at 0°C, the contribution of passive
mechanism to the overall uptake of phosphates thus will be much
more than

at 30°C.

Similar approximation for alfalfa roots

(Figure 13) with the control treatments, show that the contribu¬
tion of passive mechanism to the overall uptake of phosphate
will be much more than 9%% at 30°C.
The Q2.0 values, i.e. temperature co-efficients at 10°C
Interval, have been used as a criterian in the literature
(38,5) to determine whether an ion uptake mechanism is more
influenced by metabolic, i.e. active uptake, or by passive
mechanism.

For the former the

values should be higher than

, and may be 3 or more, but Q,io value less than 1.5 is a

2

strong indication of a predominating influence of passive
mechanism.

values of uptake of phosphate by millet and

alfalfa roots from the control treatments were calculated as
1.4 and 2.1 respectively, indicating that the influence of
passive mechanism may have a predominating influence on the
phosphate uptake by millet roots and may have relatively less
influence in phosphate uptake by alfalfa roots, under the
experimental conditions.
In Figure 17 and 18 the kinetic plots are presented both
at 30°C and 0°C.

If the slope of the line at °°C may be taken

as characteristic of passive mechanism then it is interesting
to note that the line of kinetic plot at 30°C is parallel to
the line of kinetic plot at 0°C in case of millet, which may

.
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indicate that a similar mechanism is predominating at both
temperatures.

The lines of kinetic plots at 30°C and 0°C are

not parallel in case of alfalfa, which may indicate dissimlarity
of the mechanisms of uptake at these temperatures.
These indications lead us to believe that passive
mechanism is predominating on the uptake of phosphorus by millet
roots at the external concentration of phosphate used.

Passive

mechanism, is believed to have relatively less influence on the
uptake of phosphate by alfalfa roots under our experimental
conditions.

These conclusions are not incompatible with the

expressed opinions of Lundegardh, Hylmo and Laties as discussed
in the section of literature review.

(b)

Discussions on the Effects of Calcium Nitrate, Ammonium
Sulfate and Urea on the Uptake of Phosphate by Millet
and Alfalfa Roots from Different Treatment Solutions.

Effect of Calcium Nitrate.
It is concluded from the experimental results and
discussions presented in the previous section that the observed
enhancing effect of calcium nitrate on phosphorus uptake by
millet and alfalfa roots at 0.003 M phosphorus concentration,
is primarily due to the effect of Ca4'4’.

This effect of

Ca(N0^)2 was noted by Russell (47) and co-workers in intact
young wheat plants.

They did not pinpoint the enhancing effect

either to Ca'*“t or N0^“ but stated,

(

MCa(N03)2 increased both the absorption and the
translocation of phosphate. Whether this was primarily
due to Ca4’* or to the N0o~ must remain in doubt until
further work has been carried out, but since nitrate
is more rapidly absorbed than Ca, it appears not unlikely
that the nitrate ion was of greater importance."
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Recently Moore (58) and co-workers showed that calcium
uptake by excised barley roots is "most, if not all" by a nonmetabolic process at the physiological pH range*

Thus, the

preliminary process of calcium uptake is the absorption of
Ca+* at the negative sites of the cytoplasm.

Such absorption

would cause the reduction of the negative charge of protoplasm,
which may be considered as a kind of resistance to the free
diffusion of negative ions like phosphate into the "apparent
free space" of the roots#

Ca** being divalent should be more

effective in reducing such resistance to negative ion diffusion.
Also, according to this theory, roots with higher cation
exchange capacity should be ftble to demonstrate better this
influence of Ca**•

This prediction is sustained by our

experimental results.
effectively by Ca+*

Depressing effect of SO4“ is reduced more
in case of alfalfa roots (C.E.C. = 50.4

ML

m.e./gms dry root)

than in case of millet roots (C.E.C. =

15.1 m.e./lOO gms dry roots) and this may be interpreted this
way that by reducing resistance to diffusion to negative ions,
Ca** facilitated the uptake of both anions and the competition

among these negative ions were less intense.
Another reason that may partly explain the enhancing
effect of Ca** is thought by the author as follows:

absorption

of Ca4”9, by the protoplasm will create a local increase in pH
when the anion counter part of Ca*1'4' is taken by the root#

This

local rise of pH may be of help as our results show a trend of

* Cation exchange capacity values were measured by the
courtesy of Dr. M. Drake and Mr. E. Bredakis.

.
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Increased uptake of phosphorus with rise of pH from 4 to 6.
Effect of Ammonium Sulfate.
Our results Indicate that the depressing effect on
phosphate uptake by millet and alfalfa roots, under our experi¬
mental conditions, is mainly due to presence of SOjij*.

Legget

and Epstein (33) have proposed similar mechanism of uptake of
sulfate by barley roots as uptake of phosphate by the same root.
It is easy to see why a double negative ion like
sulfate would compete with the anion phosphate in various
mechanism like diffusion, exchange diffusion etc.

Also it is

expected that in active uptake SO4s ion would be less compet¬
itive, due to probable existence of different sites of
absorption, than passive uptake.
with our experimental results.

This idea also fits very well
At lower concentrations of

phosphate or sulfate where metabolic uptake is important they
do not seem to affect uptake of each other.

Again at 0.003 M

external phosphorus concentration ammonium sulfate showed
depressing effect on phosphate uptake by millet, where larger
role of passive mechanism has been proposed in this thesis,
but did not have significant effect on phosphate uptake by
alfalfa, where passive mechanism seem to have relatively smaller
effect.
Again the local change of pH may have some effect in
depressing effect of ammonium sulfate.

Ammonium ions are

more rapidly absorped by plant roots having relative excess
of SO4“ thus reducing the local pH and uptake of phosphate.

.
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Effect of Urea.

Jackson and Hagen (29) have recently shown by chromato¬
graphic analysis that uridine diphospho glucose (UDPG) is
produced in 15 seconds after absorption of inorganic ortho
phosphate.

This is an important phosphorylated neucleotide

taking part in metabolic activity.
It is suggested that the enhancing effect of urea is
due to the higher rate of production of UDPG when urea is
supplied under the experimental conditions.

UDPG is a

complex organic phosphate and a higher rate of production of
UDPG means a higher rate of removal of inorganic phosphate
from the interface.

The effect of such removal of inorganic

phosphate would be more effective as a driving force if
passive mechanism of uptake is predominating, as proposed
under our experimental condition.

Thus, this higher rate of

formation of UDPG and the passive uptake mechanism would be
directly complimentary to each other.

In the case of metabolic

uptake a higher rate of formation of UDPG may be indirectly
helpful due to greater availability of phosphorylated
neucleotldes but of much less direct relation to be of any
importance.
A probable route of biosynthesis of UDPG from urea is
presented in Figure 19.

All these different reactions are

compiled from standard biochemistry sources and therefore no
particular references are given as to source.

The reactions

are known to occur in living cells though this is no guarantee
that these reactions are taking place in roots.

Only a few

comments need to be made about starting materials.

Urease

.
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enzyme is widely distributed in higher plants.

Urease action

breaks down urea to NH^ and C02 through the intermediate pro¬
duct of carbamic acid (NH2-C00H).

Both final compounds and

the intermediate compound could be phosphorylated to carbamyl
phosphate (NP^CO-OPO^Hg) which reacts with aspartic acid.

It

is also well known that glutamine, and asparagine are found in
considerable amount in seed of higher plants, etc. and glutamicaspartic transamination is also a probable pathway to produce
aspartic acid.

Thus the required raw materials and enzymes are

there and there is proof of formation of the final product UDPG.
These seem to be enough evidence to propose this theory and
probable reaction of urea in the roots under our experimental
condition.

SUMMARY
Phosphorus is believed to be absorbed by plants mainly
in the form of primary orthophosphate ion.

Upon entering the

plant, phosphorus combines with organic molecules in highly
oxidized form l.e. phospholipids, nucleoproteins and high
energy phosphate bond compounds, etc. all of which are
essential for propagation of plant life.

Phosphorus and

nitrogen are associated with various metabolic reactions in
the plant and they appear to be interrelated in a number of ways.
The object of this thesis was limited to the study of
the effects of sources and levels of important nitrogen
fertilizer compounds on the uptake of phosphorus by excised
roots of 6 day old millet and alfalfa seedlings of standard
nutritional status, from solutions.

It was also intended to

study the effects of cations and anions, associated with the
nitrogen fertilizer compounds, on the phosphate uptake by
these excised roots.
Results of the experiments and main conclusions are
summarized below:
(a) A study with 3 levels of phosphorus showed that
calcium nitrate, ammonium sulfate and urea did not have any
significant effect on the phosphorus uptake by excised roots
of alfalfa or millet at the low phosphorus levels of 3 x 10~5m
or 3 x X0“4 M.
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At the higher phosphorus levels of 3 x 10"^ M, 0.009 M
N calcium nitrate had a highly significant enhancing effect
on phosphorus uptake by both alfalfa and millet roots over
the control, consisting of CaO^POi^ and CaSO^ to simulate
solution condition near a superphosphate fertilizer band.

At

the same level of phosphorus, 0.003 M N urea also had a signi¬
ficant enhancing effect on phosphorus-uptake by both alfalfa
and millet roots.

At the same level of phosphorus 0.009 M N

ammonium sulfate had no significant effect on phosphorus uptake
by alfalfa roots, but had a highly significant depressing
effect over the control on phosphorus uptake by millet roots.
(b)

A study on the effect of pH on uptake of phosphorus

by millet roots from different treatment solutions showed a
general trend of increasing phosphorus uptake with increasing
pH in all the treatments.
(c)

A study on phosphorus uptake by millet roots from

treatment solutions containing different proportions of
ammonium sulfate and calcium nitrate showed that the 100$
calcium nitrate treatment and the 50$ calcium nitrate and 50$
ammonium sulfate treatment were not significantly different,
but the 100$ ammonium sulfate treatment was highly significantly
lower than the former two treatments.
(d)

A study on the effect of different cations on the

phosphorus uptake by roots revealed the following:
With alfalfa, Ca** had a highly significant enhancing
effect and the general trend of the cation studied on the
phosphorus uptake was Na4, = K? ^ WH^^ca*4,

.
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With millet roots, Ca’*’* had a very highly significant
effect on phosphorus uptake and the general trend of other
cations studied was K*= NHi^^ Na^^Ca”1’"*’ •
(e) A study of the effects of different cation and
anion combinations on the uptake of phosphorus by excised roots
from treatment solutions showed:
Phosphorus uptake by alfalfa roots in presence of
sulfate salts is highly significantly greater for Ca*"* than
or

K'*’ .

A similar but less pronounced trend exists for

Cl“ and NO^" salts.

The trend of effect of anion on phosphorus

uptake by alfalfa roots was S0^= ^NO^^Cl"’.
was greatly reduced in presence of

Ca,**

This anion effect

•

A study on millet roots showed the similar trend of
effect of anions on phosphorus uptake as follows:
Cl".

SOi^^NO^ ^

The order of effect cations on phosphorus uptake was

found to be K'r^'NH4*^/Ca*"" .
SOwas found to have a relatively higher depressing
effect on phosphorus uptake of millet roots than that of
alfalfa roots.
(f)

A study of phosphorus uptake by excised roots from

treatment solutions with different oxygen tensions showed that
the same general trend on both alfalfa and millet.

Phosphorus

uptake was significantly lower from the treatment with no gas
than from any of the three treatments where nitrogen, air,
or oxygen were bubbled through the solutions.
between the 3 gas treatments was quite similar.

Phosphate uptake
Apparently

the increase was due to stirring and forced mixing of the

,
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solutions.
(g)

A study of phosphorus uptake by excised roots from

treatment solutions at different temperatures showed the same
general trend for alfalfa and millet roots.
Between 10°C and 40°C both species of roots in all the
treatments showed a linear increase in phosphorus uptake.

The

higher the temperature, the greater was the difference between
the treatments in uptake of phosphorus both by alfalfa and
millet roots.
(h)

A study of uptake of phosphorus from treatment

solutions with increasing concentration of phosphorus showed
the same general trend with alfalfa roots and millet roots:
Differences in phosphorus uptake between the treatments
containing different nitrogen sources were larger as the
concentration of phosphorus in the external solution was
raised.
This effect was more distinct with alfalfa roots than
millet roots.
Both with alfalfa and millet roots the nitrogen source
effect on phosphorus uptake disappeared as the temperature of
the treatment solution was reduced to 0°C.
A plot of kinetic equation was made for phosphorus up¬
take by alfalfa roots and another similar plot was made for
millet roots,.

Both with alfalfa and millet the plots at lower

concentration of phosphorus showed straight lines with
negative slopes of the same order as reported in the literature.
At higher concentrations, however, positive slopes were obtained
for both alfalfa and millet roots.

.
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(i) It is proposed from temperature coefficient and
kinetic studies that passive mechanism of phosphorus uptake
may be predominating under our experimental conditions and
relatively more so in case of millet than alfalfa.
Different reasons for the apparent effect of calcium
nitrate, ammonium sulfate and urea are discussed.

A probable

route of biosynthesis of uridine diphospho glucose from urea
in the roots has been proposed.
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